
































Landingham and Casey”” reported the ballistic performances of a wide variety of 
materials, and if their data is reduced to Vur_ divided by thickness of ceramic, they 
show that a cermet containing TIC and Ni-Mo has the highest value of any 
material used. 

Ballistic performance is a complex synergistic function not only of the material 
properties but also the geometries and amounts of materials in both the threat and 
target. Wilkins et al. (17) showed that ceramic tiles ballistically perform well 
against a simulated 7.62 mm projectile only when they are backed by a stiff 
backup plate. Wilkins(“) showed that over a wide range, the ballistic limit 
velocities for a ceramic-faced aluminum target increase nonlinearly with ceramic 
thickness. Mayseless et a1.(19), using a 12.7 mm hard-steel projectile, verified this 
nonlinearity for ceramic targets containing no backup material. Yasiv et al.(*‘), 
using a 14.5 mm BS41 round, claimed that at low projectile velocities, ceramic 
target efficiencies decrease rapidly because the speed of the waves traveling 
through the ceramic is independent of impact velocity and fracture occurs at very 
early times during the traverse of the projectile. These workers also showed 
evidence that ceramic/aluminum targets performed best when shot at zero degrees 
obliquity. They also suggested that the width-to-thickness ratio of the target 
materials be 1O:l so that the fracture conoid has time to form before transverse 
waves are reflected from the edges of the target. 

Both Wilkins and Mayseless et al. observed that, for a given ceramic thickness, 
the ballistic limit increases linearly with increasing backup plate thickness. At 
some point, an abrupt increase in ballistic limit in the curve occurs, and it then 
continues in a linear fashion. Wilkins et al. stated that this “kink” occurs when 
the thickness of the backup plate reaches the diameter of the projectile. However, 
Mayseless et al. showed that the kink they observed occurred at the same backing 
thickness as Wilkins despite the difference in caliber and further stated that the 
kink was not observed for ceramic widths under some unspecified value. Yasiv et 
al. claimed that at a ratio of ceramic thickness to backplate thickness of 1.33 the 
weight of targets will be at an optimum for ceramic-faced aluminum targets. 
These workers further reported that changes in the adhesives used to bond the 
ceramics to the backup plate did not affect the mass efficiencies of the targets, but 
when silicon grease was used instead of the adhesives, the mass efficiencies 
decreased. Mayseless et al. also found that the addition of a nonceramic face plate 
in front of the ceramic decreased the ballistic limit of the target. 

Mayseless et al. also attempted to deal with scaling factors which might be 
applied to armor design against threats of differing masses traveling at different 
velocities at differing thicknesses of ceramic. Their results may be expressed in 
the following equations: 

IIll v2/v1 = (mr/mz)(h2hr) = k, for no or very thin backup plates, 

PI v2/v, = k (“*) 

[31 (w’ 

for a backup plate thickness near the kink, and 
v2/v,=k , for thicker backup plates. 
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TABLE 1. CHARACTERISTICS OF CERAMIC MATERIALS CONSIDERED BY ALCOA FOR ARMOR APPLICATIONS 

Micro- 

hardness 
(kg/mm2) 

Thick 

(in.) 

1.00 1091.00 

2024.00 3.98 0.04 1.16 63972 56.7 x IO6 9880 3.93 3.21 

3.93 0.18 1.09 53175 54.5 x IO6 9857 3.87 4.50 

A1203 Cercom Hot press 

A1203 Alcoa Sintered 

0.80 

0.80 1699.00 

A1203, 92 Ceraver 1 Sintered 0.97 3.66 1 0.56 1 3.73 1 49445 44.5 x lo6 I 9150 I 3.35 I 4.50 893.62 

3.71 0.16 1.84 42757 43.3 x lo6 8984 3.33 4.07 

3.43 0.05 1.79 28495 34.4 x lo6 8300 2.85 3.10 

1032.48 

800.00 

Al2O3, 94 

Al2O3, 87 

Ceraver 

Pakco 

Sintered 

Sintered 

0.99 

0.80 

AlzOq, 96 Pakco I Sintered 0.80 3.71 1 0.16 1 2.17 1 37899 44.9 x lo6 1 9138 1 3.39 1 3.40 1126.00 

Sintered 0.85 3.60 0.12 1.59 56100 39.6 x lo6 8707 3.13 3.08 

3.88 0.37 7.00 53091 40.46 x IO6 2650 1.05 4.65 

1105.00 

1449.00 

4175.48 

A1203 Coors 
I I 

1 .oo Al2O3, 99.5 1 Coors 1 Sintered 

1 .oo 2.51 1 0.23 1 NA 1 55653 63.6 x lo6 1 13209 1 3.35 I 4.89 

1.20 4175.00 2.51 0.23 NA 55652 63.6 x lo6 13209 3.35 4.89 

2.51 0.23 NA 53910 65.8 x lo6 13434 3.37 4.15 1.20 4128.33 

1 .oo 83.3 x lo6 1 13363 1 4.30 I 4.00 1516.41 3.22 0.38 NA 68682 

3.23 0.96 NA 49137 

Sialon 

Sialon HP 

Alcoa 

Alcoa 

Sintered 

Sintered 1498.60 1 .oo 85.8 x lo6 13464 4.35 4.15 

45.8 x lo6 9844 3.19 6.09 1 .oo 3.24 1 0.00 1 NA 1 78476 1729.56 Sialon 

Sialon 3.5 

Kenametal 

Alcoa 

Sintered 

Sintered 1 .oo 1 1223.68 3.24 0.57 NA 33241 68.1 x lo6 12004 3.89 3.72 

3.21 0.38 NA 66289 85.2 x lo6 13492 4.33 4.13 1 .oo 1 1479.62 Alpha Sialon Alcoa Sintered 

























































































































DYNA3D INPUT FILE. 

This following is partial listing of the DYNA3D input file used for the fragment impact analysis. 
This listing contains part of each different data input section required for the analysis. However, 

the bulk of the input cards for various sections were eliminated to reduce the listing to a size that 
could be included in this appendix. The complete listing is over 100,000 lines. 
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